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Abstract 

The magnetic fluxbrane solution with a strongly warped throat is stud- 
ied in the Type IIA supergravity theory with co-dimension one local source 
which is the Z 2 -symmetric UV boundary of the throat. Overall volume of 
extra space may be stabilized since introduction of the local source breaks 
the no-scale structure of the theory and evades the no-go theorem. Radion 
field is defined as the position of UV boundary "moved" from its stable value 
fixed by the anisotropic Israel junction conditions. Analytical expression for 
the radion effective potential is received. Potential decreases exponentially 
(exponent is equal to 0,21 in Planck units) in the slow- roll region and ap- 
parently meets other demands of the early inflation. Thus radion surves an 
inflaton. Reissner-Nordstrom type deformation of the elementary fluxbrane 
solution permits to construct the IR end of the throat and results in tiny 
positive non-zero value of the radion potential in its extremal point seen to- 
day as Dark Energy po.E.- Expressions for the mass scale hierarchy m/Mpi 
and for the "acceleration hierarchy" received in the paper give the physically 
interesting relation between two hierarchies: po.E. ~ m s /M^, v 
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1 Introduction 



This paper continues the research of |T] where analytical expression for 
the radion effective potential capable to meet demands of the slow-roll infla- 
tion was received in a class of models with fluxbrane throat-like solutions. 
These studies develop the direction of thought of papers [2]- [2D] where the 
throat-like solutions in the Type IIB supergravity with warped Klebanov- 
Strassler conifold [21]- [21] were considered. In the present paper we consider 
the non-deformed and deformed throat-like solution in the Type IIA super- 
gravity where six extra dimensions are given by the warped flat space which 
base is a sphere ([2"5]-[3Tj). 

Following the conventional approach, and in parallel with the Randall- 
Sundrum theory [32], we suppose that massive matter of Standard Model 
(SM) is localized in the IR region near the tip of the throat whereas the 
volume of extra space is terminated by the co-dimension one local source 
- heavy "ultraviolet" boundary where ^-identification and corresponding 
junction conditions are imposed. And we suppose that dynamics of the 
boundary surface is described by the simplest positive tension Nambu-Goto 
action, hence energy-momentum tensor of the boundary is isotropic. In Sec. 
3 it is shown that anisotropic Israel junction conditions stabilize position of 
the isotropic boundary at the top of the throat. 

This seemingly comes in conflict with the no-scale structure of the super- 
gravity theory ([I] and references therein) and with the no-go theorem [33] , 
[I]. However there is no conflict at all. To fix the modulus of the overall vol- 
ume of extra space is possible because the no-scale structure is spoiled here 
by the external local source (UV boundary), and because this co-dimension 
one local source also evades the no-go theorem. Indeed it is easy to show 
that combination T (defined by expression (34) of the paper [33]) of the 
components of the energy-momentum tensor does not meet demands of the 
no-go theorem in case the positive tension co-dimension one local source is 
introduced in the action; this is not true however for the positive tension 
local sources of lower dimensions. 

The Reissner-Nordstrom type deformation of the elementary extremal 
solution will be used as a tool to construct the IR end of the throat. This type 
of solutions with a "bolt" (in terminology of [M]) was considered earlier in 6D 
models [35]- [37] where also the constant curvature of the 4-dimensional space- 
time was introduced to make Israel junction conditions consistent. As it was 
shown in [37] the value of this curvature must be extremely small and may 
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correspond to the observed acceleration of the Universe (see Review [38J). In 
the present paper this approach is generalized in D10 Type IIA supergravity 
theory. Contrary to [37] where formula for Dark Energy po.E. = Gn^ 6 {Gn is 
Newton's constant, m is characteristic mass of matter) was received, model 
considered in the present paper gives more realistic result pn.E. ~ G%m 8 
(subsection 5-b). 

Radion field is defined here as the position of the UV boundary which 
slowly depends on the space-time coordinates in 4 dimensions (cf. [39]-|41j). 
Radion effective potential is calculated with the standard procedure of inte- 
grating out extra coordinates in the higher- dimensional action. Of course it 
is possible to rescale the isotropic radial coordinate and to make the position 
of the boundary fixed; then we come to the definition of radion as a factor- 
field in higher- dimensional metric [42] - [44]. Two approaches are basically 
equivalent when radion effective potential is calculated. 

Form of the radion potential depends only on the choice of the theory; in 
the Type IIA supergravity considered in the paper potential exponentially 
decreases upward the throat with an exponent equal to 0,21, i.e. it is suffi- 
ciently flat to provide the slow- roll inflation [IS], [IB]. Thus radion scalar field 
introduced in the paper may serve as an inflaton. Radion potential proves to 
be non-negative, its relatively flat region ends with steep slope falling down 
to the minimum of potential at the top of the throat. In the present paper 
these results of [T] are repeated in a more transparent way. Also the validity 
of the hypothesis of [T] is proved: it is shown in subsection 5-c that Reissner- 
Nordstrom type deformation of the elementary fluxbrane solution results in 
tiny positive deviation from zero of the minimal value of the radion effective 
potential. This deviation is seen today as Dark Energy. 

The idea to use dynamical scalar associated with extra dimensions, inter- 
brane distance in particular, as a candidate for inflaton is not a novel one (see 
e.g. [IHJ b], [44]). The very possibility to get in this way the exact analyti- 
cal expression for the scalar field potential possessing qualitatively the basic 
features demanded by the astrophysical observations [47] looks attractive. 

It must be noted that physically meaningful radion effective potential may 
be received here only in case the bulk magnetic monopole fluxbrane solution 
is considered as a background, not the dual electric one. The nonequivalence 
of two solutions is immediately seen when the higher-dimensional consistency 
condition of [48] is applied, see Appendix in pQ. 

The formulae for the value of the electro-weak hierarchy presented in Sec. 
5 essentially develop ideas of works [42] where it was observed that in the 



3 



throat-like fluxbrane models hierarchy proves to be strongly dependent on 
the value of the n-form-dilaton coupling constant and on dimensionalities of 
the extra subspaces. 

The paper is organized as follows. Basic action, bulk and junction equa- 
tions are presented in Sec. 2. In Sec. 3 the stabilization of the volume mod- 
ulus of the non-deformed throat-like solution in the Type IIA supergravity 
is demonstrated, the analytical expression for the radion effective potential 
is received and its compatibility with the demands of inflation is shown. In 
Sec. 4 the generalization of the elementary solution induced by introduc- 
tion of non-zero "Maxwell" field and non-zero curvature of the 4-dimensional 
Universe is considered. Sec. 5 presents formulae for the mass-scale hierarchy 
and for the rate of acceleration of the Universe; the physically meaningful 
dependence of two hierarchies is deduced. In Sec. 6 results and problems are 
summarized and possible trends of future research are outlined. 



2 Action, ansatz, dynamical equations 

Let us consider the following action in D dimensions: 



S (D) =M D-2 < 



2 y 1 2-n! (n) 2-2! (2) 



g( D U D x + GR\, (1) 



which bulk part is an Einstein-frame truncated low-energy description of 
the string-based supergravity with dilaton and antisymmetric tensor; M, 
9ab, ar e "Planck mass", metric and curvature in D dimensions; GH - 
Gibbons- Hawking term; Fr n ) is n-form field strength; F( 2 ) is 2-form " Maxwell" 
field; tp - dilaton field coupled to n-form, 2-form and to local source in (TO 
with a coupling constants a, rj, 7 correspondingly. The co-dimension one 
local source will serve the UV-boundary of the throat, its action is taken in 
the simplest Nambu-Goto form; mass parameter a characterises its tension 
equal to M D ~ 2 a; h^ D ~^ = det h a b, h a b is an induced metric on the boundary, 
a, b = {0, 1 ... (D — 2)}; 5^ is Dirac delta function fixing position of the 
boundary. 

In this paper we shall consider theory ([T]) for the following particular 
values of dimensionalities and coupling constants in ([T]): 
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D = 10, n = 4, a = i r, = ~, T = "^- (2) 

With this choice the bulk part of the action ([IT) is a truncated Bose-action 
of the Type IIA supergravity. It is worthwile to note that D10 theory (TO 
with specific values of constants given in ([2]) is just a compactification of the 
action of Dll M-theory where in addition to the conventional bulk terms 
the D10 local source is included: 



(M) 




i2< u > 



1 



a 



5 (D 



-g 



(ii) 



g( n ) d u x + GH 



(3) 

M, a are Planck mass and mass parameter of the local source in 11 di- 
mensions. After reduction of action to 10 dimensions the volume of 
compact 11-th dimension becomes a dilaton field whereas 2-form in ([T|) is a 
corresponding Kaluza-Klein field. However we shall not refer any more to 
M-theory and consider the supergravity action ([1]), where dimensionalities 
and constants are given in §Z§, as a primary one throughout the paper. 

The following ansatz for the bulk solution of the dynamical equations 
given by the action ([I]), (T5]) will be used: 



ds 2 10) = b 2 g^ u dx^dx u + c 2 dz 2 + N 2 dr 2 + a 2 dQ 2 4 , <p = <p(r), (4) 

F { a) = Q^dy 1 A dy 2 A dy 3 A dy\ F (2)zr = dA z (r)/dr = e~ 3 ^ 2 , 

where metric scale factors b, c, a, "lapse function" N and dilaton <p depend 
only on the isotropic coordinate r, g^ u is metric of the 4-dimensional Universe 
M( 3+1 ), z is coordinate of torus S 1 of period T z , dVL 2 A is metric of 4-sphere 
of unit radius; x A = z, r, y 1 }, A = 0, 1 ... 9, ji = 0, 1, 2, 3, i = 1, 2, 3, 4. 
Q(4) is charge of the magnetic monopole. A z is non-zero component of the 
vector-potential of 2-form field F( 2 ), Q{2) is hs "electric" charge, last equality 
for F( 2 ) in (jlj) is received from the "Maxwell" equation for 2-form written 
down for the metric ansatz (jlj). 

Introduction of small Fp) ^ gives the Euclidian version of the Reissner- 
Nordstrom type deformation of the extremal fluxbrane solution. It will be 
shown in Sec. 4 that this deformation provides the physical tool to termi- 
nate the throat at its IR end and also enforces dynamically to introduce the 
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extremely small positive curvature = 12h 2 of the manifold M( 3+1 ); aux- 
iliary "Hubble constant" h is connected with the observed acceleration rate 
of the Universe h = 10 _60 Mpi by scale transformation fl30l) below (see in Sec. 
5 in more detail). 

With ansatz (J3J) and h ^ action ([T]) with parameters (T2J) in it gives 
following gravity equations for scale factors b(r), c(r), a(r) (we don't need to 
put down the gravity constraint) and equation for dilaton field (prime means 
derivative over r): 



3/i 2 j_ 



b" b' 2 b'(N' b' c' a /N 



3 11 

■g J (4)-g ^(2) + ^^), (5) 



1 

N 2 



_c" c' 2 d (N' _ 4 &' c'_ 4 a' 
c c 2 c\N b c a 



(4) 



7 1 

8 J(2) + 16 J(ah ^ 



a 



3 1 
~^ + N 2 



a" a' 2 a'(N' V C a- 
._+ +_ 4 4 _ 



a 



a- 



a 



N 



a 



~8 J(4)_ 8 J(2)+ 16 J(,T) ' ^ 



1 

iV 2 



N 



b' 



c 
c 



1 T 3 7 

-J {A) + -^(2) 



12 



J (a 



(a), 



(8) 



where 



J(4) = 



(i) 



e ^ 2 g 2 



(4) 



2-4! 



2a 8 



Ji 



6(r - r ) 
iV 



J (2) = 



(2) 



e -3 V /2g2 



(2) 



2 • 2! 



26 8 a 8 



/r 



12 



(9) 



We suppose that local source is placed at some r = r and that it ter- 
minates the throat "from above", i.e. it forms the UV end of the throat. 
Thus we truncate space-time (j3J) at r = ro, paste two copies of the inner 
region along the cutting surface and consider codimension one local source 
in the RHS of equations (j3])-(jHJ) as a heavy boundary where Z 2 -symmetry is 
imposed. The space-time of the surface is a product 
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M (3+ i) x S 1 x S 4 , (10) 

physically this boundary may be or 8-brane which spans M( 3+1 ) and wraps 
around compact extra spaces S 1 , S 4 , or it may be viewed as a shell of branes 
of lower dimension uniformly distributed over compact subspaces. In any case 
we suppose, and this is the main hypothesis of the paper, that dynamics of 
the boundary surface is described by the simplest Nambu-Goto action, hence 
its energy-momentum tensor is isotropic as it follows from the action (Tj[|). 
There are four junction conditions at the boundary: three Israel conditions 
for three subspaces in fflOl) and jump condition for dilaton field <p. These 
conditions are immediately received by integrating equations (JSD-dHJ) over r 
around r = r (factor 2 in the LHS in (fTTl) - (IT4l) reflects the Z 2 -symmetry) : 

2 b' rxp^/ 12 

(11) 



N 2 b 16JV 

2 d _ ae~ v/12 
N 2 7 ~ 1QN 

2 a' _ ae-^/ 12 



(12) 
(13) 



J_ /= 1 ae-^ 12 

N 2 ^ 12 N ^ ' 

These relations must be valid at the position of the boundary r = r . 
Equations (ITTll - flHj) are actually quite informative. We'll see that they fix 
position ro of the UV boundary, i.e. determine the overall volume of the extra 
space, they "fine-tune" magnetic monopole charge Qu\ and mass parameter 
a in (JTJ, and in the model with deformed extremal solution considered in 
Sec. 4 the consistency of equations (fTTj) and (fT2"j) demands introduction of 
non-zero curvature of the Universe which value, as it will be shown, may 
correspond to the observed acceleration of the Universe. 
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3 Non-deformed fluxbrane solution, stabiliza- 
tion of the volume modulus and potential 
for the slow-roll inflation 



3-a. Bulk solution and stabilization of the volume modulus. 

In this Section the way of thought of paper pQ is repeated for the partic- 
ular case of the Type IIA supergravity given by action ([1]) with constants 
in it where we discard "Maxwell" field and consider M( 3+1 ) the Minkowsky 
space-time (i.e. put F( 2 ) = 0, h = in ©-([H]))- Then ansatz (jlj) for the el- 
ementary magnetic fluxbrane solution of the equations ©-([8]) looks as [26J- 
EH: 



ds 2 {l0) = H-^ig^dx^dx" + dz 2 ) + H 5/8 (dr 2 + r 2 dQ 2 4 ), = e v °°H~ 1/4 , 

(15) 

F { 4) = Q^dy 1 A dy 2 A dy 3 A dy 4 , H = 1 + (~) , L 3 = l -Q {i) e^l\ 

(foo is the value of dilaton field at r = oo. 

Metric (fT5|) describes a warped "throat" of proper length J L H 5 / 16 dr 
16L with an integrable singularity at r = where curvature — > oo. The 
low-energy action ([I]) makes sense only if curvature components are small as 
compared to M 2 . For the space-time (jl5p this condition formulated e.g. for 
the scalar curvature in 10 dimensions reads: 

^ (10) = S 4 (~ ) 1/8 < M 2 , (16) 



32 L 2 V r 

this inequality is written inside the throat where r <^ L. 

From (Tl6|) the minimal permitted value r m j„ of the isotropic coordinate 
is immediately determined: 

r > r mm = k 8 (ML)- 16 L, (17) 

where coefficient k is equal 45/32 when is used in the estimate inequality 
([16]) . In what follows we shall consider k some number of order one. 
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Big value of the exponent in the RHS of (j!7p reflects its non-analytical 
dependence on the 4-form-dilaton coupling constant a. In general case this 
exponent is equal to A/a 2 [1] (A is well known parameter of the elementary 
fluxbrane solutions determined by a and dimensionalities; A = 4 in the Type 
IIA, Type IIB supergravities). For a = in ([I]), like it takes place in the 
Type IIB supergravity where there is AdS^ x S 5 asymptotic inside the throat, 
r min — 0, there is no singularity of curvature at any r. 

Comparison of metrics (Tl5!) and (J4]) gives b = c = i/~ 3 / 16 , a = if 5//16 r, 
hence jump conditions (jTTj) . (TT2|) coincide; also dilaton jump condition (fl4l) 
identically follows from (fTTl) for dilaton field given in (fT5l) . Compatibility of 
jump conditions tlTTi) and (TT5]) demands b'/b = a' /a, i.e. (Hr 2 )' = at r = r 
which gives: 

= 2^f, ( 18 ) 

whereas ( TTTT) with account of ( |T8l) connects L, a and (^oq. We shall put down 
this relation multiplying it by the higher-dimensional Planck mass M: 

ML = 12 (=-) —e^ /12 = 10,5g, (19) 
where dimensionless constant 

g = M_ e ^/i2 (20) 

is an important parameter which determines the physical predictions of the 
model, g is an invariant of scale transformation qab e 2X gAB, f —> y? + 12A, 
M —> e~ x M (A = const) which is an unvariance of the action ([1]) when 
F(2) = and constants ([2]) are used in ([1]). All the approach makes sense 
only if ML 3> 1, hence it is necessary that g > 1 as it follows from (fl9l . 
From (Ti~9l) . (fT5|) it also follows the "fine-tuning" condition: 

Qf/ 3 = 12 ■ 2 1 / 3 • a- 1 . (21) 

This is a direct analogy of the fine-tuning of the bulk cosmological constant 
and brane's tension demanded in the Randall- Sundrum model [32]. However 



1 There is unfortunate mistake in [T] where factor 2 is omitted in the denominator of 
exponent in the RHS of expression (fl4j) of pQ; this however does not change essentially 
conclusions of pQ. The present paper gives the corrected formulae when the Type IIA 
supergravity is considered. 
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here the bulk magnetic 4-form charge Qu\ is not an input parameter in the 
action but a free constant of the bulk solution of the dynamical equations. 
Hence relation (121]) is by no means a fine-tuning but a constraint determining 
magnetic charge through the constant a of the action ([T|). 

We'll see below that position ffl8l) of the UV boundary of the throat de- 
termining the overall volume of extra space is a point of zero minimum of 
the corresponding effective potential. As it was already noted in the Intro- 
duction dynamical stabilization of the modulus of the volume of extra space 
is possible because in the model under consideration the local source in (pQ) 
breaks the no-scale structure of the theory and because this codimension one 
local source also violates the conditions of the no-go theorem. 

Thus dynamics of the model terminates the extra space of the space-time 
(USD at the top of the throat, at its UV end In Sec. 4 the IR end of 

the throat where supposedly Standard Model resides will be fixed near the 
tip of the throat by the tool of small deformation of the extremal solution 
( [15]) . This deformation will not influence essentially the form of the radion 
effective potential calculated in the next Subsection for the non-deformed 
background fTTS]) . but will result in a tiny positive deviation (seen today as 
Dark energy) from the minimal zero value of potential received for the non- 
deformed background (see Sec. 5-c). 

3-b. Radion as inflaton. Potential for the slow-roll inflation. 

Effective action S*( 3+1 ) in four dimensions is conventionally calculated by 
integrating out extra coordinates in a higher dimensional action. With ac- 
count of the radion field this will give the effective scalar-tensor Brans-Dicke 
type action (see e.g. [ID] b], [12]). To calculate the effective action S^ 3 " 1 " 1 ) 
we shall use in (TjQ) the bulk solution fTTS]) but move the UV boundary (and 
hence change the upper limit of the integration over isotropic coordinate r in 
(CQ)) from r = r (1181) fixed by junction conditions f[TT]) - ffT4"]) to the arbitrary 
position p(x), slowly depending on coordinates x M : 

r -> p(x), (22) 

p(x) is called radion field [Till b], [3Sj-|H]. This definition of the radion 
field is equivalent to the more conventional one where radion is considered as 
depending on x^ factor of the lapse-function TV in metric (jlj) [12]- [H]. The 
gradient terms of p(x) contribute to the induced metric of the UV boundary: 
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h a b — 9ab + P,a P,b 9m (23) 

where x a = y 1 } and g a b, g rr are corresponding components of the 

bulk metric ( |T5|) . Then, considering that p(x) does not depend on z, y % and 
depends on x M slowly as compared to the scales of the bulk solution, the 
Lagrangian Li, s , of the local source in ([1]) (with constants ([2]) in it and with 
account of ({15]) ) takes the form: 



Lis. = -M % ae^ /l2 5{r - p) 



-(J 



(10) 



^"14/48 



i + -Hr v p^p,u 



(24) 



In calculating radion effective potential we shall substitute rm — > r = 
in the lower limit of the integration over r in (CQ). This will not change S^ 3 " 1 " 1 -* 
essentially since it is supposed that tjr <^ L and since all integrals in ([1]) are 
convergent at r = 0. We also postulate that Z 2 -symmetry at the "moved" 
UV boundary surface is preserved, i.e. bulk integration must be fulfilled 
over two pasted copies of the solution. Direct calculation shows that for the 
magnetic monopole fluxbrane bulk solution fTT5l) this procedure gives zero 
value of the radion potential at p = r ( |T8|) where jump conditions (TTTT) - (TT4l) 
are valid; this corresponds to the consistency conditions [H] . And this is not 
the case for the dual bulk electric fluxbrane solution - see Note 2 below. 

Thus symbolically the Brans-Dicke type effective action S ,( - 3+1 - ) depending 
on general meric g^x) of the manifold M/ 3+1 \ and on the radion field p(x) 
is received when extra coordinates are integrated out in the action (Tj[|): 



S (4) 



2 / 

'0 



n.s. 



(25) 



<S>(p)RW--u(p)g^p, tl p, v -V(p) 



-9 



(4) rf (4) 



X. 



where Lj, u ik sums up all bulk terms in ([T]) including the Gibbons-Hawking 
term, L;. s . is given in (I24P ; is scalar curvature of the (3 + 1) dimensional 
space-time described by metric g,j, v {x) slowly depending on x^. Brans-Dicke 
field $(p), kinetic term function uj(p) and auxiliary radion potential V(p) in 
(|2"5]) are calculated when bulk metric ffTBI) is used in ([T]) where it is taken g^ u = 
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T]^ - Minkowski metric in four dimensions; Q(4), c, y?oo m ay be expressed 
through the characteristic length of the throat L with use of dependences 
given in fTT5l) . (fl9]l ; T 2 is period of torus S 1 in ffT5]) . f2 4 is volume of four- 
sphere of unit radius. Simple calculations finally give: 
For the Brans-Dicke field: 



$0) = 2M*Vl 4 T z / Hr^dr = 2M\MLf{MT z )Vt 4 
Jo 



For the kinetic term function: 



(26) 



10 



(p) = M 8 Q 4 T Z J ae~^ /12 5{r - p)H 4/3 rUr 



(27) 



M 4 (ML) 3 (MT z )Q i 12 



2 , 1/3 



L 



.P, 



4/3 



And for potential in ( 125|) (expression in square brackets includes GH term; 
gravity constraint was used in receiving it): 



V(p) = M s n A T z { - 2 



24 Q^e^H- 1 / 8 



ff5/8 r 2 



H 5 / 2 r 8 



where function F(y) is given by the formula: 



H 5/8 r 4 dr+ (28) 

P' 



- p)H 5/1G r 4 dr \ = AM\MLf(MT z )n A F ( j- 



F(y) = y 3 
P 



3I 1) ^^ ,3+ wh) 



-4 



y 



V 



yo 



r 



2 -l/3 



(29) 



value of yo is received from ffTB"]) . It is easy to see that F(y) possesses minimum 
at y = Vo and F(y ) = 0. The same is true for potential V(p) fl28l) at p = r . 

Note 1. Although Gibbons-Hawking term is a full divergence and we 
consider compact extra space it would be mistake to discard GH term in 
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(j25p when radion effective potential is calculated. Direct calculation of the 
GH term in (1251) . when step-functions reflecting mirror Z 2 -jumps of b(r), 
c(r), a(r), <p(r) are taken into account, shows that it really vanish at the 
solution of dynamical equations, i.e. at p = tq. But GH contribution to the 
radion effective potential is by no means equal to zero when upper limit of 
integration in f[2"5"j) is changed from r to arbitrary value p. 

Note 2. It is impossible to calculate from the action ([T]) the physically 
meaningful radion effective potential in case dual electric 6-form F§ is used 
in (CQ). Although electric 4-brane extremal solution is given by the same for- 
mulae (TT5]) . (|T8|) - (pT]) as a magnetic one, the values of action (pQ), S m and 
S e , calculated at the magnetic and electric fluxbrane solutions as a back- 
grounds drastically differ. General consistency conditions [IB] say that S m 
must vanish at the solution of dynamical equations but these conditions are 
not applicable to S e (see Appendix in |T]). 

According to (Eg|) . (125 ]) V(p) -> at p -> and V(p) -»• oo at p -> 
oo. However this behavior is of no physical interest since similar behavior 
possesses the Brans-Dicke field (125]) . To get the physical radion effective 
potential the low dimension Brans-Dicke effective action (|25j) must be written 
in the Einstein-frame metric and radion field must be transformed in a way 
providing the canonical form of its kinetic term. 

Thus let us rescale metric g^ u in the Brans-Dicke action in the RHS of 
( [23]) to the Einstein-frame metric g^ v : 

Mpj , . 

where Mp\ = 10 19 GeV is Planck mass. 

Effective action (1251) being expressed as a functional of the Einstein- frame 
metric g^ v introduced in (I3T)1) and of the canonical radion field ip (defined 
below) takes the standard form: 



S (4) 



(1/2)M^(V^) 2 - fVty)} d^x. 



(31) 



p, is a calculable constant of dimensionality of mass - the characteristic of the 
radion potential, V(ip) is taken dimensionless for convenience. Also dimen- 
sionless (normalized to Planck mass) canonical radion field ip{p) is introduced 
in ([MD: 
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1 tp ry p 

i j (p) = T e (p) d P= e (y) d Vi y = T> ( 32 ) 

Lt Jr Jy Li 

here the point (|18p of stable extremum of the radion effective potential is 
chosen at ip — 0; yo = 2 -1 / 3 ; e(p) is expressed through functions $(p), uj(p) 
given in ([261). (I2"?j): 



Hp)^ \<S>dp) 




It is seen from ( 1331) that in the p <C L (y <C 1) limit, i.e. inside the throat, 
e (y) ~ y" 1 an d in the p ^> L (y ^> 1) limit we have e ~ y" 1 ^ 2 - Hence it 
follows from (1321) that in these two limits: 



tjj(y) = c-hxy, c = 2(18 1/3 + 3) 1/2 , < y = y < 1, (34) 

and 

(y) = 2(10 • 18 1 / 3 ) 1 / 2 y'l\ 1 « y = | < 00. (35) 

Radion potential p 4 ^(-?/>) in (1311) is expressed through the auxiliary po- 
tential V(p) (Hi and Brans-Dicke field $(p) flU: 



Vty) = #(y(V0) = -, 5 F(y L , (36) 

where function -F(y) is given in (1291) and dependence y^) must be received 
from ( 1321) . ( 1331) . The characteristic density p 4 of the radion effective potential 
is defined in ( 1361) . It depends on the period of torus S 1 in the metric (1T51) 
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and on the length of the throat L; expression for ML is given in (1191) . value of 
MT Z will be calculated in Sec. 4 below. Because of strong inequality ML >> 1 
demanded by the applicability of the low-energy string approximation /i 4 in 
( 136]) proves to be suppressed as compared to the Planck density Mp V This 
is important since effective action approach is valid only if radion potential 
in ( 15Tj) is essentially below the Planck density 

/iV(^) < Mpj. (37) 

We'll see in Sec. 4 that although V(ip) is growing down the throat inequality 
( 15T|) is valid everywhere in the region of applicability of the low-energy string 
approximation given by the condition (1TT1) . 

The form of the dimensionless potential V(ip) (136|) depends only on the 
choice of the theory. For the Type IIA supergravity with the co-dimension 
one local source (choice ([2]) of dimensionalities and coupling constants) V(if>) 
is drawn in [I] (Curve "D" at Fig. 1 of PQ). Potential is non- negative, as 
expected it possesses zero minimum at if) = where junction conditions (TTTj) - 
(I14p are valid. To the right of this point V(if>) increases, reaches maximum 
and then again falls down to zero at infinity. Thus stable state if) = where 
supposedly our Universe "lives in" is protected from the runaway decompact- 
ification by certain potential barrier. This situation is typical for all theories 
with compactified extra dimensions [50]. It is not without interest to study 
in frames of considered model to what extent this "protection" is reliable. 
But we'll leave this work for future. 

Asymptotic behavior of the dimensionless radion potential V(if>) in the 
limits if) <C — 1 and if) 3> 1 immediately follow from (1361) with account of 
expression (T2"9"j) for F(y) and asymptotic (1541) . (155]) for ip(y): 

For if) < -1: 

V_{if)) = (2 7/3 3 2/3 - 10)e^ /c « 0, 48 ■ e" ' 21 ^, (38) 

where c is given in (1341) . 
And at if) > 1: 

/2\ 1 /3 8 7 ■ 1f) 13 

^) = 2 2 °.3 5 -5 8 -(0 -r 12 -^^. (39) 

Now we can look shortly at the possibility to apply these results to the 
description of inflation in the early Universe [51], [45], [46]. Radion field 
introduced above hopefully may serve as an inflaton field (cf. pJU b], |44j ) . 
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We may suppose that initially the "heavy lid" boundary of the extra space 
was located somewhere deep in the throat (p in <C L or ip in <C — 1) and after 
that, obeying the dynamics determined by the action fl3T|) . it rolls down the 
exponential asymptotic V-{iji) fl38l) of the radion potential fl36l) to the steep 
slope leading to stable brane's position ffT8l) (ip = 0, see fl32|) ) at the top of 
the throat. 

The following questions must be answered: Does radion potential V(ip) 
(136]) meet the necessary flatness and slow roll conditions? Can this scenario 
provide the number of e-foldings N e during inflation demanded by the as- 
trophysical observations (N e ^ 80 — 100) [I5]-[I7]? For the exponentially 
decreasing potential V(ip) ~ e~ k ^ flatness and slow roll conditions demand 
k 2 <C 1 which seemingly is true for k — 0, 21 like in (I3"8"j) . The number of 
e-foldings during inflation is given by simple formula [HI 06] (prime means 
derivative over ip which, we remind, is dimensionless - in Planck units): 

Ne = / T7777T d ^ = ~i ' 40 

where last equality is received for the exponential potential; ipi n and xjjfi n are 
the values of the radion (inflaton) field in the beginning and in the end of 
the inflation. Thus for the value of k — 0, 21 fl38l) it follows from (j4"0l) that 
necessary number of e-foldings is reached if if)fi n — tpi n > 20. 

The end of inflation where reheating begins is expected at the beginning 
of steep slope of the radion potential. Analyses of the exact analytical expres- 
sion of V(ip) (|36|) shows that steep slope begins somewhere at ipfin ~ —20. 
Hence to receive the sufficiently long period of inflation the initial value of 
the radion (inflaton) field must satisfy ipi n < —40, i.e. initial position of the 
"heavy lid" boundary must be sufficiently deep in the throat. 

Let us look at the validity of the inequality ipi n < —40 from the point of 
view of applicability of the low-energy string approximation. The permitted 
values of the isotropic coordinate r must obey inequality r > r m j n where 
r min is determined in ffTTj) . Corresponding minimal permitted value tp m i n 
may be calculated from asymptotic expression ( 1341) (where it is taken y min = 
p min /L = r min /L). If we express (ML) in ( jTTl) from ( |T9l) then the value of 
ipmin is found from ([34 



^W = 38-lnA;- 180-76-ln#. (41) 
As long as k in ( IT7l) is of order one and parameter g > 1 (according to ( fl~9l) 
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it is demanded by the condition of validity of all the approach ML ^> 1) this 
value of ipmin is essentially below the value providing the necessary number of 
e-foldings during inflation (tpi n « —40). Thus permitted length of the throat 
does not come in conflict with demands of the early inflation. 

To be sure that effective action approach of this Section is consistent 
the validity of inequality ([57]) must be established. This will be done in 
subsection J^-c. 



4 Deformation of the elementary fluxbrane 
solution 



4~a. General formulae. 

In this Section equations (jSJ)-© will be analized for the case of non-zero 
" Maxwell" field F( 2 ) given in ansatz (j3J) and non-zero small constant positive 
curvature of the Universe, i.e. when Qm\ ^ 0, h ^ in (J5])-(JE]). Let us rewrite 
the metric of ansatz (J3J) in a form: 

^(io) = b 2 (g^dx»dx u + Udz 2 ) + f 2 [^ + r 2 dtt 2 )j , (42) 

this is always possible with a transformation of the isotropic coordinate r 
in (J3J). The non-deformed solution ffTol) of equations ©-(JED looks for metric 
(S2D as: 



b = b = #~ 3/16 , U = U = 1, f = f = # 5/16 , = = e^°#- 1/4 , 

(43) 

here we included for convenience the expression (Tl5l) for the "non-deformed" 
dilaton field. 

There is well known [25]- [31] exact Schwarzshild type bulk solution gen- 
eralizing metric (Tl5|) in a way of f|42|) where 



const , AA . 
U = U Sch = l + — (44) 



and b, f, <p are like in P3l) . This solution was used in [T] to build the IR end of 
the throat in the "bolt" point where U$a% = 0- However, as it was estimated 
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in [JJ and was shown exactly in [37J in 6D generalization of the Randall- 
Sundrum model the value of Dark Energy received from the Schwarzshild 
type deformation of the elementary throat-like solution is about 60 orders 
above the observed value 10 _120 Mpj. That is why in [37] not Schwarzshild 
type but Reissner-Nordsrtrom type deformation of the Randall- Sundrum 
AdS model was used, and it was shown that in this case the calculated 
value of the Dark Energy may be in accordance with observations. 

Before starting the analyses of the solution of Eqs. ©-([8]) when Qp) ^ 
and h ^ it is worthwile to outline shortly the logic of introduction in these 
models of extremely small positive curvature of the Universe. The point is 
that presence of U(r) ^ const in metric (142 p results in discrepancy of the 
Israel junction conditions at the UV boundary of space-time (discrepancy 
appears since it is supposed that energy-momentum tensor of the boundary 
is isotropic). Because of quick decrease of the additional, depending on r, 
term in U(r) with increase of r from IR end to UV end of the warped extra 
space this discrepancy at the UV end proves to be quite small. The remedy 
may be the introduction of small non-zero positive curvature of the Universe 
which will give additional term in U (r) reparing Israel junction conditions. 
However the decrease with growth of r of the Schwarzshild term (jUJ) proves 
to be insufficiently quick and, as it was said above, does not give the observed 
value of the Dark Energy; more satisfactory result may be expected when 
Reissner-Nordstrom type deformation is used. 

As for our knowledge the exact solution of Eqs. ©-([8]) when Q( 2 ) ^ 0> 
h 7^ is not found yet. If Q(2), h are small as compared to the scales of the 
non-deformed solution (|15|) . and this is the case under consideration, then 
induced variations of b(r), f(r), tp(r) in fT4"2"j) are also small as compared to 
their "non-deformed" values (143]) and may be studied in linear approximation 
of Eqs. ©-([H]). Also small will be the variations of position of UV boundary 
and of the "fine-tuning" condition, i.e. variations of r , Qu) which "non- 
deformed" values are given in (1181) . (12 ip . However in the context of the 
present paper there is no need to calculate all these small variations. 

The peculiarity of the situation is that change of U(r) in PSl) does not 
need to be small as compared to U — U — 1 of f|4l3l) . To receive U{r) it 
is sufficient to subtract equations ([5]), ([6]) where in accordance with P2|) we 
put c 2 = Ub 2 , N 2 = f 2 /U, a = rf. The resulting equation for U(r) looks as 
follows: 
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Since (5(2), ^ in the RHS of (j45l) are supposed to be small, the other 
functions in (T4"5l) (b(r), f(r), <p(r)) may be taken in zero approximation. 
Substitution of their expressions (l4"3l) into (1431) gives: 



4 r)2 p -3Voo/2 




The free solution of (|46j) is, as expected, the Schwarzshild potential 
in what follows we shall discard this term of U(r) for the reasons explained 
above in this Section. 

Substraction of junction conditions (jlip . (|12p with account c 2 = Ub 2 gives 
simple condition of their consistency: 

U'(r ) = 0. (47) 

Strictly speaking fj471) must be valid at the location of the .^-symmetric UV 
boundary slightly shifted from its "non-deformed" position (TTHT) . But in the 
lowest approximation we may take in (jUD r = L/2 1 / 3 given in (1181) . From 
fT4T|) the value of h will be determined. 

4~b. Case F( 2 ) 7^ ; h = 0. Determination of modulus T z . 

As it will be seen the value of h determined from condition ff4T|) is ex- 
tremely small, hence at the IR end of the throat and practically everywhere 
inside the throat the /i-term is essentially below the Q(2)-term in the RHS of 
( 146]) . Thus let us first put down the solution of equation (1461) in case h = 0: 

</=i-(g, (48) 

it is supposed that / L, which means that deformation ( 1481) of the ele- 
mentary solution (1T51) is small; we remind that Schwarzshild term ~ r~ 3 (see 
( 144]) ) is deliberately omitted in (j48]). Metric (j42]) with f/(r) given in (j48]) is 
a Euclidian "time" version of the Reissner-Nordstrom generalization of the 
elementary throat-like solution. 
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The "bolt" point r = I where U — is the IR end of the throat; it is 
topologically equivalent to the pole of 2-sphere [31]- [35] ■ Space-time (I42j) 
may possess conical singularity at this point in case "matter trapping" co- 
dimension two IR brane is placed there (see e.g. [36j |52| [53]). This will 
produce deficit angle Sd depending on tension of the IR brane which will 
influence the value of period T z of the Euclidian "time" S 1 calculated from 
f l4"2"j) . (TJHD- We shall not consider this option in the present paper and postu- 
late that Sd = 1, hence IR end of the throat is supposed to be smooth. Then 
taking the zero-order dependences (1431) for b(r), f(r) in metric PS!) and with 
account of (1481) for U{r) the following expression for period of torus S 1 of 
space-time (fT51) (or (T4"2"|) ) is received: 

T ' = T Hy2 ' x T L (l) 1/2 ' 

where if(r) is given in (fT5l) and it is taken at r = /, last approximate equality 
is valid since I <C L. Thus period T z of the extra torus of space-time (H2|) is 
not an arbitrary modulus of the solution but is determined by (1491) through 
the characteristic lengths of the throat L, I. From (1491) it follows that T z 3> L. 

Substitution of modulus fT49|) in expression fl26|) for Brans-Dicke field $, 
with account of (TT8]) , fTT9l) . gives the important quantity, entering formulae 
for hierarchies in Sec. 5, as a function of / and parameter g (1201) : 

10 (?~ I — ) , (50) 



$(r ) 

where coefficient 10~ 4 absorbs numbers of formulae (18) for r , (1191) for ML, 
( f2T>|) for $ and (I49p for T z , including the value of volume of 4-sphere of unit 
radius tt A = 8tt 2 /3 in fl26|) . 



^-c. Consistency of the effective action approach. 

Now when we determined the modulus T z f T49|) it is possible to check 
up the enaquality f[3Tl) which is the condition of applicability of the low- 
dimension effective action approach of Sec. 3. Since potential (13"oT) grows 
down the throat it is sufficient to verify (|37|) at the IR end of the throat, i.e. 
at p = I. 

Substitution in (1371) of asymptotic expressions (1381) . (134|) for V^^), V'(p) 
(and with account of formulae (I19p . (1491) for ML, MT 2 entering in the defi- 
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nition of /x 4 in (I3"5|) ) inequality (157)1 at p = / is expressed through location / 
of the IR end of the throat and parameter g defined in ( 1201) : 



{jrV(m) = Q-^ 11 9~ 8 (y) V2<1 - ( 51 ) 

The location of the IR end of the throat must meet the demand I > r m j„ 
of validity of the low-energy action ([1]), where r m j„ is estimated in (fTTI) . It 
is interesting to note that even at this depth inequality f[5"TT) remains to be 
valid. More of that: its validity does not depend on the value of parameter 
g which drops out from the expression (l5Tj) . In fact substitution of I = r min 
in (l5Tj) with account of expression (TIT)) for r min gives: 

/i 4 u 1(T 2 



t V(Hr mm )) = -p- < 1, (52) 

this inequality is valid since coefficient fc introduced in (fT7|) is supposed to 
be of order of one. 

4~d. Adjustment of Israel conditions and determination ofh. 

Condition ( 1471) of consistency of the Israel junction equations for sub- 
spaces M( 3+ i) and S 1 of the boundary of space-time (T42|) can not be fulfilled 
for U(r) given in (1481) . To repair Israel conditions the necessary anisotropy 
of the energy-momentum tensor of the boundary was introduced in [35] , [36] 
in 6D model. But perhaps it would be more natural to escape the arbitrary 
modifications of the action of local source in ([T]) and to resolve the problem 
with introduction of small positive curvature of space-time M( 3+1 ) [27]. We 
shall go this way. Thus taking h ^ in the RHS of (I46p and with account of 
(|48p the following expression for U(r) is received from equation (T46l) : 

/A 6 3 r2 2 3/i 2 L 3 . . 

U = 1 - - - -/i 2 r 2 + . 53 

\r y 5 r 

Then /i is immediately determined from ( 1471) (where ro = L/2 1 / 3 ( fl8l) ): 



3 (54) 

Condition [7 = gives location of the IR end of the throat. Presence 
of the /i-terms in expression for U (r) (j5"3"|) will make a shift of this position 
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from the value r = I detremined from (1481) . This shift is however extremely 
small since it follows from (1541) that at r — I the main (second one) /i-term 
in the RHS of (153]) is suppressed by the factor {l/L) 5 as compared to the 
Q(2)-term. Since I -C i we may consider r = I the location of the IR end 
of the throat. Actually "curvature" h-terms may be neglected in f[5B"j) . as 
well as in the RHS of (14"61) . practically everywhere inside the throat; they 
become comparable with "Maxwell" Q(2)-terms only in vicinity of the top of 
the throat r = L, although both remain quite small there. 

Auxiliary "Hubble constant" h (1541) characterises the curvature of 
the manifold M( 3+1 ) (see ([2])). To receive the observed rate of acceleration of 
the Universe h we must rescale with transformation fl30|) to the Einstein- 
frame curvature R^\ This will be done in the next Section. 



5 Calculation of the mass scale hierarchy and 
of the "acceleration hierarchy" 

5-a. Formula for mass scale hierarchy. 



Following the Randall and Sundrum approach [32] we take mass parame- 
ters of matter action written in the primordial metric of the action ([T]) equal 
to the fundamental scale M. And it is conventionally supposed that massive 
matter of Standard Model is concentrated near the IR end of the strongly 
warped space-time - let it be because of trapping at the IR brane or because 
of pure gravitational accretion to the IR end. Then, in case warped throat- 
like solution (TT51) is considered, mass of the visible matter is decreased as 
compared to M by the value of warp factor if -3 / 16 at r = tir. 

/ r . D \ 9/16 

M - MH^ w (r m ) « M l^-fj , (55) 

where it was taken into account that H « (L/r) 3 at r L. 

In previous Section the IR end of the throat was built as a "bolt" point 
r = / of the deformed metric ( )42l) . ( 1481) . In what follows we shall put 

rm = l > r min , (56) 

where r min f fT7|) is the point in the depth of the throat where effective low- 
energy string induced action ([!]) is not valid any more. 
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To receive the observed electro-weak scale m it is necessary to write down 
the effective matter action in lower dimensions in the Einstein-frame metric 
g^u introduced in fl30|) . Brans-Dicke field in (130]) must be taken at 

p = ro (1181) i.e. in the minimum of the radion effective potential fl28|) (or 
equivalently in the minimum of potential fl36|) at — 0) where supposedly 
our Universe is stabilized after inflation and reheating. 

In calculating mass scale hierarchy it is possible to use expression (T2"6"l) for 
$(ro) recived by integration out of extra coordinates in action ([1]), ([2]) when 
non-deformed solution (Tl5|) is taken as a background. The only impact of 
deformation upon these calculations is dynamical fixation of the IR end of 
the throat at r = I and determination of period of torus T z (I49p performed 
in Sec. 4. Thus from ([531) . (13"0|) . (f5T)j) the following expression is received for 
the mass scale hierarchy as a function of location of the IR end of the throat 
I and parameter g (1201) of the fluxbrane solution: 

m H-^^=i^. g ^.{ i X ,1 \ (57) 



M P1 v /$ (ro) 

In case g — 1 to get the observed value of mass hierarchy it is necessary 
to place IR end of the throat sufficiently deeply: i/L ~ 10~ 16 . This value of I 
practically coicides with the limit of validity of the low-energy approximation 
r m in (fTTI) . For g > 1 situation becomes less dangerous. 

For the limiting depth of the throat, i.e. when we substitute in ([5] 
I = r min from (TTTj) (where formula (fi9|) for ML is used) expression ([5] 
reads: 

= KT 17 £; 13 /V 16 - (58) 



Mpi 

It is seen that fl58|) gives the observed value of mass scale hierarchy m / Mp\ = 
10 -16 for ~ 1, A; ~ 1. Of course this game in numbers should not be taken 
seriously since the RHS of ( |58l) is strongly dependent on free parameters k, 
g. It is interesting however that wishful big value of mass hierarchy may be 
received without introduction of big numbers "by hand". 

Big number 10 17 in (|58|) appeared here "from nothing", i.e. from coeffi- 
cient 10,5 in (Tl9|) (in a general case equal to 4(n — l)[A/2(n — l)] 1 ^™ -1 ), see 
(|26|) of [1], A is given in ([9]) of P) and from the exponent 16 in (fTTj) (in a 
general case equal to A/a 2 ). Here we have n = 4, A = 4, a = 1/2. 
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Physically expression (1581) for the mass scale hierarchy follows from the 
"bold" hypothesis of PQ, [1HJ c] that SM resides at the brink of existence 
of the target space-time, i.e. that massive matter falls down the very "bot- 
tom" of the throat and concentrates there being stopped by unknown higher- 
curvature terms not included in the low-energy action ([1]). In any case the 
unambigous result of the paper not depending on these speculations is given 
by expression (157)) for the mass scale hierarchy. 

5-b. Values of the acceleration rate and of Dark Energy. 

In Subsection J^-d expression (1541) for the auxiliary "Hubble constant" h 
was deduced from the Israel junction conditions at the UV boundary of the 
throat. To find the observed rate of acceleration of the Universe h (equal 
to 10 _60 Mpi according to the observations) it is necessary to perform scale 
transformation (130)) taken at the point p = tq of extremum of the radion 
potential (like it was done for m in expression (157)) above): 



Mi 



pi M J^ro) 



Last equality was received from (154)) . (1501) . (1I9")) . 

Finally it is instructive to express "acceleration hierarchy" h/Mp\ not 
through l/L but through the value of mass hierarchy m/Mp\ ( 157)) : 

h l<>V(-£-V. (60) 



Mpi VMpiy 

The simple, 4-th power, dependence of two hierarchies is a real gift after 
many of cumbersome exponents above. 

Dark Energy po.E. responsible for acceleration of the Universe h (j6"01) is 
equal to: 

Pd.e. = \ Ml, = 6h> Ml, = 6 ■ 10 22 s 16 ( 61 ) 

It is seen that in case parameter g — 1 (g is defined in ( 120)) ) the observed 
value of the Dark Energy 10~ 120 Mp[ is received from (16T1) for m = lOGeV. 

In the limiting depth of the throat substitution of rm = I = r min QTTJ) 
into ( 159)) gives: 
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h 



-57 -56 ^26 



(62) 



M P1 
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The drawback of this expression, like of fl58l) for the mass scale hierarchy, is 
strong dependence of the RHS on the values of arbitrary parameters of order 
one. We outline however that possibly main result of the paper pd.e. ~ G 2 N m 8 
( 16TT) (Gtv = Mp 2 is Newton's constant) does not depend on the "bold" 
hypothesis described in the end of previous subsection. 

5-c. Pd.e. as a value of radion potential in its extremum. 

In Sec. 3 the exact analytical form of the radion effective potential was 
received for the non-deformed background solution; it was shown that poten- 
tial possesses zero minimum at the value of radion field where all dynamical 
equations, including junction conditions (flTl) - ffbil) . are fulfilled. To repeat 
the same calculations for the deformed background (j4"2l) is not a simple task, 
the more so that we do not know the exact bulk solution when Fp) ^ in 
anzats (jl]) and when curvature of the manifold M(3 + i) is not equal to zero. 
It is possible to show however that deformation of the background will result 
in tiny shift of the value of potential p 4 V extr (136]) in its extremum from zero 
to the value equal the Dark Energy Pd.e. ( )6"T|) . 

The tool for calculation of p A V extr is the general consistency condition 
of paper [3H] which is valid at the solution of the dynamical equations. In 
our case expression (fl2"|) of |3S] written when parameter of this paper is 
taken equal to p = 3 gives: 



here T™, are traces of the energy-momentum tensor of matter fields (F^, 
F(2), <f) in ([T]) in internal subspaces and in 4 dimensions correspondingly; b 
is warp factor in metric (J3J) (W in [IS]); § symbolizes the integration over 
compact internal space which is deciphered in the LHS of (|25|) where upper 
limit of integration p is to be taken the value p = tq (Tl8|) determined by 
the dynamical jump conditions (fTTT) -( fT4l) . R( 3+1 ^ is curvature of the manifold 
M( 3+ i) of space-time (HI) which is equal to zero for the non-deformed space- 
time (Tl5|) and is equal to 12h 2 in case deformed metric (j4"2"]) is considered. 

Also, as it was shown in Appendix in pQ, in case form-fields of the action 
dl]) "live" only in internal space the combination of components of the energy- 




(63) 
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momentum tensor in the LHS of (I63p is proportional to Lagrangian L of the 
action ([I]) calculated at the solution of dynamical equations: 

T™ " T; = -4L. (64) 
Hence from (1631) , (164)) it follows that at p = tq in (1251) : 

jb%= l -$ extr R^ +1 \ (65) 

We took into account here that §b 2 = § ex t r - value of Brans-Dicke field in 
( |25|) at the point of extremum of potential. 

According to definition ( 1251) effective action in 4 dimensions in the point 
of extremum where radion field is constant is equal to: 

j b% = ® extr R i3+1) - V extr = V extr , (66) 

last equality is valid because value of action is calculated at the solution of 
Einstein equations in 4 dimensions. 

Thus finally from (1651) . (|66|) it follows: § b 4 L = V extr - The same is true 
for the extremal value of potential in the Einstein frame action (|3~TI) : 

p 4 V extr = X - Ml, = Qh 2 M 2 Y = p D . E „ (67) 

Pd.e. see in (J6TJ) - 

This rather strong result does not depend on details of the solution and 
follows from the consistency condition fl63l) in case proportionality (|64"|) is 
fulfilled. To check up (|6~4"1) is a simple task. Whereas (|6"3"|) was received in 
[4"8] after certain integral of full divergence over compact internal space was 
put equal to zero. And in this point the special caution is demanded as it 
was noted in [H] as well. It would be important to check up with direct 
calculation consistency condition (|63|) for the space-time of type (1421) with 
the "bolt" point (where U = 0) topologically equivalent to 2-sphere. 

6 Conclusion 

Paper presents three apparently physically interesting results: 
1) Exact expression (1361) for the scalar field potential p A V(ijj) in the ef- 
fective action (|3"TI) calculated for the non-deformed fluxbrane solution as a 
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background. Asymptotic (13"8"|) of potential describes slow-roll inflation, po- 
tential possesses steep slope for reheating and zero minimum where matter 
dominating evolution of the Universe begins. 

2) Formula (1671) for the tiny positive deviation (seen today as Dark Energy 
Pd.e. (I6B ) of the extremal value of the radion effective potential calculated 
for the "deformed" background. 

3) Expressions (|57p for mass scale hierarchy m/Mp\, (lollj) for "acceleration 
hierarchy" h/M-p\ and their relation (|60|) which gives non-trivial dependence 
Pd.e. ~ G 2 N m 8 ( |6"TT) . Gn is Newton's constant. This dependence is a progress 
as compared to Zeldovich "numerology" where pd.e. ~ G^m 6 |54j . 

Also it was demonstrated that under natural additional hypothesis (that 
SM resides at the boarder of space-time where low-energy string approxima- 
tion stops to be valid) big numbers (10 17 , 10 57 in ( 158]) . (1621) ) may be received 
"from nothing", i.e. from dimensionalities D = 10, n = 4 and the value of 
the 4-form-dilaton coupling constant a = 1/2. 

All quantative results of the paper depend solely on the choice of the 
theory - the Type IIA supergravity in this paper. It would be interesting to 
trace the logic of the paper for some other theories. 

Since canonical radion field ip is associated with position p(x) of the UV 
boundary terminating the throat (see (1221) . (1321) ) it would be interesting to 
find the description of the non-trivial effective dynamics in 4 dimensions given 
by action (l3"Tj) with potential (1361) in the language of heavy boundary mov- 
ing in higher dimensional non- stationary background formed with account 
of gravitational back-reaction of this ^-symmetric co-dimension one local 
source. 

The basic difficulty of the approach of the paper is the lack of physical 
grounds for the very appearance of the UV boundary surface of the throat 
and for the choice of its dynamics. The simplest Nambu-Goto choice taken in 
the action ([T|) is crucial for the calculations of the paper. But the "simplest" 
does not mean " well grounded" . 
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